116(suppl 1):32-40. 8. Declercq ER, Belanoff C, Diop H, et al. Identifying women with indicators of subfertility in a statewide population database: operationalizing the missing link in assisted reproductive technology research. Fertil Steril.
T he pure or natural direct effect quantifies the effect of an exposure on an outcome that is not mediated by an intermediate variable. [1] [2] [3] [4] [5] 
{ }
Throughout, assume that, as encoded in the diagram given in Figure 1A , treatment is randomized,
and also, M is randomized within levels of A,
Assumptions (1) and (2) 
However, assumptions (1) and (2) taken to be the only counterfactual independencies for each value of a encoded in the 3-node mediator graph of Figure 1A do not suffice to identify counterfactual averages of the form E Y a M a , *
and therefore, these assumptions alone cannot identify PDE a a ( , *) . Identification of PDE a a ( , *) has been controversial even in this simple setting, as it requires interpreting Figure 1A to encode additional counterfactual independencies, such that in addition to (1) and (2); we also have for all a; a* the following 2 :
This latter assumption is sometimes described as simply requiring that, conditional on exposure, there is no unobserved confounding between the mediator and the outcome, as depicted in Figure 1A . [2] [3] [4] However, the assumption is much stronger, because it implies independencies about counterfactuals indexed by distinct treatment interventions (ie, cross-world counterfactual independencies), whereas, the traditional statement of no unobserved confounding (1) and (2) ensures that all counterfactuals involved in the independence statements are defined for a single treatment value a. 6, 7 In principle, assumptions (1) and (2) can be made to hold experimentally, say by randomizing A and subsequently randomizing M conditional on A, whereas assumption (3) is more audacious and should be made with caution in practice, as it cannot be experimentally enforced and, therefore, it is not strictly subject to scientific scrutiny. 6 Robins and Richardson 6 recommend altogether abandoning the cross-world independence assumption, therefore failing to identify PDE( , *) a a , and propose reporting nonparametric bounds for PDE a a ( , *) that rely only on assumptions (1) and (2) . For binary Y, A, and M, the Robins-Richardson bounds 6 are given for PDE 1, 0
Tchetgen Tchetgen and VanderWeele consider identification of PDE a a ( , *) under the 4-node mediation graph with exposure-induced confounder R as depicted in Figure 1B . 7 The mediator in this diagram is subject to exposureinduced confounding, which by the recanting witness criterion, renders PDE a a ( , *) nonidentified from the observed data, even if instead of (3); one were to assume the nonparametric structural equations model with independent errors (NPSEM-IE) representation of the diagram in Figure 1B . 7 Under these assumptions, we have that conditioning Alternative identifying assumptions under the NPSEM-IE were also considered by Robins and Richardson. 6 Note that Tchetgen Tchetgen and VanderWeele 7 thus continue to make a cross-world counterfactual independence assumption now given by (5) . Here, we extend the Robins-Richardson bounds for PDE a a ( , *) so that they may be used in the presence of exposure-induced confounding as depicted in Figure 1B 
In the eAppendix (http://links. lww.com/EDE/A824), we establish that for binary A and M, and a = 1, a* = 0, under assumptions (1) and (6), The Figure illustrates basic temporal and spatial characteristics of US life expectancies over ~50 years. The close relationship (R = 0.98) between national life expectancy at birth 2 and smoking prevalence 3 suggests that decreased smoking accounts for most of the observed increased survival. Regressions indicate ~21 years lost per smoker over a range of lags, suggesting additional contributions from associated lifestyles such as alcoholism. Two polluted locations, New York City and the county incorporating Steubenville, Ohio, 4 show wide and varying survival differences. They show parallel improvements in the early 1970s,
